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(57) Abstract :ro ^-•^.'i'.- gcvi;^i:7ico -c.: , 

Devices and method arc provided for:preciseieductim of anrays;of micro^pots. . A ,v 
pulse jcttirig^dc^i<**'&-fehipioycd;tiavinjf dimensions, with a 

portion of thc'xapiifaiy proximal'to the^j^^^ by^, . 

a piezoelectric transducer (56). 'fiy^apprc^atedeslgn'ofi the capillary (16). orifice (60) ^d,; , 
piezoelectric transducer (56)^ droplets can.be formed oh a-surface. separated^by as, little as \, 
80 micfd^ cenfir^-toncemer; and^having at ileast about a I Si micron spacing at the* border. 
The subjecfsubd^ arrays can be used for provuling'.miniaturized arrays of reagents, such 
as nucleic acids, for detecting the presence of homologoust^equences in. a sample. 
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JET DROPLET DEVICE AND METHOD 
PACKGPOUND ART 

Miniaturization has become a major goal for a wide variety of purposes. An area of great 
activity has been the synthesis of oligomers, both oligonucleotides and oligopeptides. By having 
5 large arrays of different oligomers, one can screen compositions in a variety of ways. For 
example, with oligonucleotides, one can screen a composition for homologous sequences or 
complementary sequences. In this way, one can determine the presence of homologous 
sequences, one can sequence a nucleic acid sequence, and one can identify a pattern of binding 
which can be associated with an individual, such as a strain, person, plant, or the like. With 
10 oligopeptides, there is the opportunity to screen for specific binding proteins which have high 
affinities to a particular oligopeptide. 

The interest in large arrays has been furthered by the continued efforts to improve labels. 
Thus, as fluorescent and chemiluminescent labels have been developed which provide for high 
sensitivity, one has the opportunity to detect increasingly smaller amounts of materials. Also, in 
15 many instances, one may only have a very small amount of material in a sample, particularly in a 
complex mixture of materials, so that it becomes desirable to have a small amount of a highly 
concentrated reagent, so that the complementary member is also highly concentrated. 

In providing for large arrays of small dots, there are a number of considerations. The dots 
should be substantially reproducible in size, particularly if one wishes to quantitate an analyte.- 
20 Secondly, in 4he past,- it-was frequently -found that the droplet-was associated with satellite 
droplets, which separated ftom^the^mairi'Sp^^ and could contaminate other spots, confusing the 
• assay.;' Third, the device employed; if it 4S to have commercial acceptance^ must be readily filled, 
be reliable in producing droplets, be easily cleaned, and be reproducible in performance. 

U.S. Patent No. 4,877,745 "de^ribes a piezo jet for providing small droplets to produce an 
25 assay array. The operation of the device is not particularly convenient, and the droplets are 

reported to be ih the range of 100 i3L] to I jiL with the size of the spot made by each droplet being 
approximately 0.001 - 0.012 inches in diameter. Schena et al., Science (1995) 270:467-470, 
describe the preparation of dot arrays for analysis. 

DISCLOSURE OF THE INVENTION 
30 Systems are provided for delivery of small volumes of solutions in a precise manner to 

provide a microsized spot. For providing, for a predefined distribution of solution spots on a 
surface, the system comprises an array of microdroplet producing devices, means for filling and 
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cleaning the microdroplet dievices at a storage station; means for moving the microdroplet 
producing devices from the storage station to a position in relation to a surface oriW'WhicH the 
microdroplets are deposited to provide spots at precise sites on a surface, and means for moving 
the microdroplet devices and surface irf relation One 'to another. Groups of microdroplet 
5 producing devices are provided for directmg droplets in a prebise array oiito a substrate, "the 
microdroplet device uses a capillm^ with an energy transducer^,* Avhich impkrts energy to the 
solution in the capillary. The energy trahsducerma^^ a cohceiitricaliy placed piezo^ 
transducer around the capillary proximal tb the dispensih^ fend c>r a heating element; 'In 'Addition 
to the capillary and transducer are a sample receptacle in fiqiiid ti-^^^ relatiorfshii) with the 

1 0 sample receiving end of the capillary, from^which the- liquid fills the capiildi^i anS a^ housing. ' 
Microdroplets of lesis 'than about 500 pL can be reliably dispensed providing a^^ 1 0,000 
spots in one square cm-. With a polar medium, a dispenser having a hydrophdbic surface is 
employed, placed in close proximity to 'the receiving end bf the capillary whereby the polar 
medium fills the capillary by capillary action. By activation of the transducer, the fluid in the 

15 region of the capillary outside the transducer is reliably dispensed at a high rate to prbvide 'th^ * 
desired array. By appropriate choice of a subsMte,^ vanous reagentsWay be Bburia -to the^surface 
of the substrate to provide fbra stable assai>^kfmy.^^^ssay^&a 
specific binding bf complementary irierribets> • : ji.iKtjqv:?- 1 u^-: ^ntP^ 

20 i :Figiire:l :is a perspective elevationalVie^dfthe^iievi^eP^^-f> -^^^ 3f\v?v:f? t^^ - .j^r : v|j r. v 
' Figure'2 is a 'cross-sectional elevation^I vieVv^df tl^ ca^llkr/ hblderi' - " ' 

Figure 3 is a perspective elevational view bfihe capnllary^ahd piezoefe^ 
:Figure 4 is a cross-sectional view.of the capillary and piezoelectric transducer looking 
:r toward the orifice.^ - ^ -i , . , . • w-^'-: : r ^ r^^ n^tnvv''.--i. ; i 

25 Figure 5 is an expanded view of the orifice regibn of the capillary: r 

Figure 6 is a diagrammatic view of an x^y positioner iii combination with jetting devices 
- for producing array srr^' - - ir'/ , - : < ;/ ; \ . v < ^ j - r 

Figure 7 is a diagrammatic view of a rotating' platforin in cbmbihatidn with jetting devices 
on a linear positioner for producing arrays. i : / ^ : ' . ■ . / 'i . . , 

30 ' Figure 8 is a diagrammatic elevational view of a bubble jet for use in the subject ^ 
' invention. , : - • . - 

Figure 9 is a schematic representation of a system according to the subject invention. 
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. , . Figure 1 0 is a schematic flow.rQpresenta|ion of a systejn for producing arrays.according to 
, , the .subject invention. . 
, , . . P gg C MPTIQN QFTHPS ^mflC EMPQPllMENTS 

The subject invention^provides a,sy;5tein;fpi; precisely placing microsized droplets on a 
5 , surface as micrpsized non-oyerlapping^s^ The system provides for 

. nriQyementofiflifid pujse jetting stprage bank to the dispensing site for directing 

droplets^o^a predetejTOiRei^cSitiejOn a siy'f9p^, andTCiuraing the dispensers to the storage bank 
,^ upop-cpmpJetio?i.9f tljeir dispensing fiinc dispensers. may be disposable. 

, At|t|;ii^s|pi:jag5: har^ which the:dispensers are 

1 0,^,.dean{ed a^id fiUp(l,with the solution fordispensing, . The system provides for. producing large 
numbers, of arrays- of small^ spots in a confined sp^ce. The system comprises a plurality of pulse 
j^et disi?ensers» a storage bank^for.cleaiiing and filing the dispensers, means for moving the 
dispensers from an inactive position in, the stprage hank to an active position for dispensing 
dropletsionto a surfepe and r^tunung the dispenser to the stprage bank when its role is completed, 
15,;and.memS)for3niov the spifacejui^ithe dispensers ^ each other. Also, while thei-r 

>as! ;;^^P?^^^?i^S IP^^Pf?>9}^g5;fe^ can:be clewed by washing and filled with 

solujiiqn fr9^m (^to^ capillary pf the dispenser; >: . s 

Where the dispensers are disposable, the forage bank y/i\t have? the dispensers loaded > 
with sample, particpJaply£]^a>dn^^^ of the dispensers may haye 

20 the same or different mediurnjfpF^4ispen?ing', in :a When^ 
moved into disj)ensing pqsi^tion* tfee EWR WH provide an array^of 5pots,on*the surface in 
, accotdjance.,\yith , . /::v>:.i . .j * .:; C , j:: 

. . ; /, t For jnonrdisposable dispensers/ the d^yice provides for introduction of a sample solution 
into a sample receptacle, which in the case of a polar solution, is not wetted by the sample. The 
25 receptacle port has a tight fit with the<receiving port of the capillary, so that for a polar medium, 
, contact with, the sample res.ults in rapid, filling pf the capillary without any positive force other 
than capillary action. A manifold with a valved pressure system comprising a reduced pressure 
^ supply conduit is provided y^^hich allows for drawing up solution for cleaning of the capillary 
after use; and a valved elevated pressure system including an elevated pressure supply conduit for 
30 blowing out remaining sample solution, cleaning solution or other solutions! from the capillary. In 
view of the very small volume of individual droplets, only a small volume is required to fill the 
capillary and produce a large array of spots. ^ i 
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- • For protecting the capillary, the'device includes' a capillary casing or support' for holding 
the capillary in position and maintaining the capillary iii a housihg, which casing is kt' ^h^ 
capillary region proximal to the sample receiving port. The casing fills the space betWe^n the 
capillary and imier wall of the housing/desifabiy being Various 
5 transducers for droplet formation miay Be usedj virherfe such transdabers ait commercially 

available. These transducers include piezoelectric trWsdiicers^^^^ (bubble jets). 

A piezoelectric transducer is' pfdvided w^^^ 
capillary proximal to the orifice.' Wires 'from the p^ 

into or at the surface of the casing and extend odtsidfe 'the tasing fbi^ felectricar coiitact with the 
10 electrical activation source. The capillary has a flat bottom, where the outer diamgtfef remans' 
substantially constant; while the internal diamfeter is substahtially'riarrOWed fo prdvide the desired 
sized orifice. ; The bubble jet has a distal fiil opening corm^tted t(i a heater channel in which is a 
resistive heater, the channel terminating in an' orifice. . " " ' s , ' f>: 

• • The fluid jetting device can be used, individually or iri cbiiibinatibiis of a plurality of 
15 jetting devices in one or more defined groUps, Wherie gach of'the device'srhay haVe ^'diffeitn^' ' 
- sample;. With combinations, one could haVe'assembly lines bfjettihg devibei^ 

devices can dispense its reagent at a'precise positibn^ri ttieMbsirafe^to'^p^^^ arra^'^r one 
may robotically^move the jetting devices tb'difKreHt'positiM relation fotliSfsUbstf^E'br 
move the substrate in relatibnUo the jetting 'dbviciBf%rc6ni^ 
20' device may^bs much larger than the spot which il'creiatSSi'grbup^WjSttihg d^rcteW mky W " 
fashioned, where each device group provides for 'a pbrt^bh oPtHidfofel^bstfate anfy.'^thejett^^^ 
devices, may be platfed at an iangle to substrate ta incite the numbesr of jeliing devite^^ each 
device array and to control the size of the spot; where the spot wdiild be eWgated aiie tb ■ 
movement of thesurface in relation to the dispenser/ 0nemaySalso use a plurality ofmdividual 
25 Jetting devices,cwhere the individual jetting device^ ardseliected andtnOv^ into position 

robotically, so that one may elect a particular jetting dfevlce' from a bank of devices tb produce a 
variety of substrate artay spots. " > \- •■■x' --li'i..- i^:- -r ■■>■. _ • 

The entire system may be controlled using a cohiputer program to provide for the 
automatic cleaning and filling of jetting dispensers; selection of dispensers from the storage bank 
30 for movement from the storage bank to a dispensing position in relation to the surface, organizing 
the array of dispensers in relation to the surface, controlling the movement of the dispensers 
and/or surface in relation to each other, controlling the droplet dispensing to provide the desired 
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, aiTiay of spots on the surface and retumjng .cUspe^er^ ;t9,the, storage bank when their function is 
terpi^rjated.. Movement may ^l^e in th^ XnY^^rpctipn pr circular angular direction or a 
cpmtjination of both. , . . ^p r,- , * . • - 

Groups of dispensers may be. cqmbmedi^ and wired to a connector, so that each 

5 dispenser is >yired,to.a specif^^ posUiqii,pf.the.con?iectorf .Tlhe connector may be a male or female 
. ; cgnpector^ and a circuit, which may be 

^ computer ^Qijt^^ the,4isR^ers may d^^ or in accordance 

\yith.^^pn?4ejtQr^ pi^Qyide/pr a plurality; of groups of dispensers which 

ma)j^^e,j)<^,SjUip^^^ define the desired 

- : .-,1 5. ^ subject, 3ys^em^ in^a ymetyof situations to produce arrays, feed sample 

- or reag?nt,,pi: the jike. The splujipn^ n^ay f ont^n a.yariety. of components, including individual 
compounds, oligomers and polymers, natvyallyrocci^rring or synthetic, chemically reactive or 
unrjcaQti^Yie, pr the Hl^js. Jhe subject systems may be used to synthesize oligomers, such as 
1 ^ ^ pply (^inp acid^),.wiiere,tbe ^ndiyi.dyal amino acids pjay be naturally occurring or synthetic. 
( ^ Iij^^^d.i^Jf japiiUQ ayd^^ naturay y.pp^ jiucleotides, monosaccharides, or other 

5/?/^B^W^'or^5^ j^^B^^Sl ^^^^ pjlgpmers; new compounds. * In this- way 

^^p^bjjn^tppaliapprpa of dijfferentcompounds at a plurality 

0^}^e^^ji^^TT^y.^.A^ jcqmppunds, including bUgomers,^to specific ^ 

20 sjte^ fqr ^crjj^nting^vrpcpp^^j^ the like: Thet^ubject device^. may also be 

. I, » us^d in^creeqjjig %F^a,p^icql^^^^ p^.interest, such as t jigandyreceptor binding, : .\ 
.J .^hy^b^^j^s^tipn p or antagonist actiyity,Mor a physical 

charactei;i3tic, ^uch as fluqresc?ncej,luminescence, light absorption, etc; For. screening assays, 
particularly- in assays in whicl^a secpjid ^sample comprising one or more reagents of the assays is 
25 contacted! with a;first sample compi^ 

. comprising oiie-or more of the-pemberS; of assay, e.g. an analyte, oligonucleotide probe etc., 
may be pulse jetted with the device to produce one or more, usually an array of, spots of first 
sample on a surface. A second sample cpniprising additional assay members, e.g. receptor, etc., 
i^ay be pulse jetted onto the array pf spots ,pf first sample, followed by a detection step for the 
30 . presence or absence of the acti vity of interest, e.g. binding, hybridization and the like. 

Alternatively, the first sample may be present on a substrate as a continuous layer or film, as a 
.preformed; array of discrete spots, etc.. The,detection step may, if necessary, include one or more 
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washing as well as any other Steps requite for detection.: . . . . . 

The surface on which the droplets are dispensed may take many forms, depending on the 
nature of the material that is being dispensed and the purpose of the array. The surface rriay be 
chemically reactive or physically active, e.g; binding, so that the component(s) of the droplets 
5 become non-diffusibly bound to the surface, c.g/through electrostatic attraction; covalent . 
bonding and the like. Where one is^synthesizirig a.compound,'e.ig/air oligdmer, there will usually 
be an initial precursor bonded tOithe<surfaceto provide^ a sitci fdrreActiori; The ^proiursor may be 
bonded to the surface throiigh a scissile bond, so-that the'produet may^be'relea^d from the 
surface. By having photolytically cleavable'bonds,-orie;cahUhdividiklIyTe 
10 from a specific site, as appropriate.: The approaches used' for cbmbinitbri^l Wihistiy^e ' ^ 
applicable. to the uselof the subject systems. . In additidn^n diagnostic applicatrbnsi one may 
-dispense sample, reagents, or the like; Particularly, one heed not bathe the array with a reagent, 
but can apply the same or different reagents at differerit sites to perform^a plurality of the'same or 
different assays: ,Thus, one can design assays in which 'an array 6f droplets or spots comprising a 
15 first assay reagent, e.g. either a known or unknown iilUhe assays is prej^ed on a- substrate and- 
then a second assay reagent(s) is intrbducediin the fomi of 'droplets'orspots oiittf the previously 
: , deposited droplet members of the anayvwherethe'assaymy be ca3^^ 

. necessary: For example, one could coattheiarfad#Jwlth'th&^^ as 
. . individual droplets to form an arr^y. of sample. Differ^tre^ents^cdfii^ at 
20, difrerent'sites/wdth some redundancy for accuracy^^Gi^'i^^^^ Ae'sample^eould be^screened for a •■ 
plurality of different indications. AsJllustrativfeponeieduld boat'tlie surfaceJ-^th-DNA from a 
lysed cellular sample.and.then dispense droplets' bfliabfeled'fragmehts of different DNA^ > • ^ 
sequences under hybridizing conditions. By observing -the pattern of the sample reahaihing 
following removal of unbound labeled fragments, one-iriay define the individual for forensic 
25 purposes, determine the presence of a pathogen, idehtify' a cell type, identify- neoplastic cells, 
provide a prognosis, and the like. Where one is interested in screening for physiological activity, 
one can dispense the same oir different receptors at each site having different compounds and 
determine the binding of the receptor at the individual sites. Based on the pattern of binding, one 
can obtain a structure-activity profile to design additional compounds to optimize the binding 
30 affinity. ... ..;!... .y ; 

Depending on the nature of the medium, mixed solvents may be desirable or required. In 
the case of DNA, addition of dimethylsulfoxide ranging from 1 to 100%, preferably 30.lo 70%, 
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would be desirable to cut the aqueo.usJ)uf&ited) DMA solution.: This improves the jetting by 
fo^?fiing.i)iore-uniforTn spots, and reducing the; rate. ofisol vent evaporation, which allows for more 
unifonn coverage around the, edge of thje spQtlas welhas' in.ihe center. Where.the DN A solution 
r is too viscous;} other ^SQlyent§ ipay be.i;s.edrt.o!pcoyide.'the desired viscosity as appropriate for the 
5 jetting dijspenserxijEoAveBient-solv^nts^W^^ samples or nucleotide 

, .r . monomers fpr. S)mtbeisis,i€.:g..phosphjoramiditeSviK^^ dimethylformarriide, 
,p.Uimethylp)tiQ?Rha|e$s^^^^^ lower alkanols, e.g. 

ethanql^ij may-beyused/inrth§ jS;T,^0^^ the.salt concentration 

J ; ' io; i: t(;Rr. further uncJej^tM^ drawingsAvill now be considered. In 

10 Figure^^jlhpjdetyiqe'.JtpA^ encompasses the capillary, assembly and 

Y'Provides pnptectipnande^se of device 10.: While the housing 12 maybe of any 

^^shape, the housing 12iis<;ojrivenie3itly cylindrical, so that commercially available tubing can be 
- . .-,used and, the housing 12 may be maphinedito provide for assembly of the various parts. The 
housing 12 has a symmetric,ally situated, opening 14 through.which the capillary 16 extends. A 
15r thrcadedijsider^i^cketr.!^ is prp^^d^d-fpr attachment of the housing 12 to a support. Any i ,.w 
; G^pnyeniCTt n;^^ the housing to b holder, which wilUUow for 

, i ?nPpsitiqningftlje d^vt^^f^jl;^ appropmteirthe;nk)vement of the device..;At the^top of the housing 
. is,gasket,f2ft^hi^h^ is the lidror cover 22:employed 

i during^^clesiiyggian^^ is usedifpr.sealing the region 

20 ^l}oy^.th.© j;ap^lafy>t^ iBfth^^9>;Qn22 is first conduit *24 for cleaning solvent addition, 

; fNyhg-e^.thejcx^pdiytyC^ valve 26, whentthe system needs to be : > 

evacu^tetj pr press,urizg^l;'^spCQndlp0pdi^t28 for connecting to a vacuum source^ not shown, 
having yalvQ 30 for closing4he:sy$teip,ffon):the vacuum; and third conduit 32 for introducing gas 
pressurcv^hich iscpntroll]^d,by,v^a^yeJ34w .The use of the various conduits will be,.described 
25 ^subsequenUy. ;Finallyy fpr,fiii]thqr;assu]^ce o while the cleaning and filling 

cover is in place, one may,liavAclips:46 mounted on hinge pins 38 for locking the cover 22 into 
^position and holding the cpyer 2^ in an airtight sealed relationship with gasket 20. ^ 
. . . In Figure 2. js shown acrpss,se,ctipn/Gf the intemal portion of the housing 12. The 

. capillary 16 extends through opening MJn housing 12. The inside of housing 12 is threaded 
30 with threads 42 extending about two-thirds the distance of the housing. 

. Cover 22 is adjacent .to a threaded tube 44 extending into the housing 12; where it can be 
, clamped into position to provide for an airtight relationship with gasket 20. The threaded tube 44 
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can be made of a hydrophobic material, -such as nylon, which also provides for a tight seal with 
. the threads and can serve to lock thercapillary casing 50 in the housing 12. ThC'threaded tube 44 
has a conical receptacle 46. for receiving the sample., After cleaning, the cover 22 is removed 
exposing the conical receptacle 46^ vyhich is then available for receiving sample. The conical 
5. receptacle 46 has port 48,.whiGh meetS; the .capillary so as.to fonri a tight sealy whereby the 
- sample can touch the capillary 16 and by surface; tension the, sample pan move/ the length of the 
capillary 16 to fill the capillary.-: ; : ; ^;{t .^i f ^Vj ; - !/;vIi>.^ r ; ; - 

_ The capillary 1 6 fits snugly into threaded) casiiig 5Q $0: aiS; to be supported for a substantial 
portion of its length. . Threaded casing 50 has jiotcl? 52; \xhich e^^ 
10 threaded casing 50 to receive wires 54 for activating the tra^ 'The :capillaTy J6:and: 

piezoelectric itrarisducer; 56 extend thipugh cayityr6(> where they, are protecte housing 12. 
The ,capillary. 16 may be affixed to the casing 50 byiaiiyi convenient cement, e.gi cpoxy. 

; _ The threaded casing 50 may be a monolithic piece or may be prepared in two. or more 
sections. For example one might have a lower section vvith a vertical,notch 52 for, the wires, a 
1 5 central section which includes a channel for accessibility tp the w an^ upper section to 

complete the casing and completely enclose the ^Cjapillaiy, 16. ..Jhe particular form which.the 
casing takes will depend pn^e maimer rofassembj^^ 16 in the 

r casing 50, c^ase of cementing the capiUaiy J ^ , 
, : ^ The d[^vice is readily assemblerd jby intrjqduCj^n^^ 
20 cementing the. capilla^^^ 6 into the casing 50. .^^tjhiejtop^]^ 50^ the capillary 

1 6 is polished, so- as to have' a smooth surface and. ^ . abte to fonn^ tight liquid transfer , . 
relationship with the.receptacle port 48 . ^^c^ .t « . v! ^ r r ^ ^ t 

. . In Figure ;3, a capillary 16 is shovvn without the casing .50 but having the piezoelectric 
transducer 56 mounted on the capillary 16. The piezoelectric transducer 56 is proximal to the 
25 orifice 60 leaving about one-half to two-thirds of the length of the capillary 16 exposed above the 
transducer 56. The transducer 56 has a very narrow tolerance \yith the capillary, usually less than 
about O.pO 1 inch and is also affixed to the capillary with a cenient. Conveiniently, a ceramic 
piezoelectric tube may be employed, such as PZT,-5a, ayailable from yemitron Piezoelectric 
Division. The characteristics of the piezoelectric transducer may be found in the compariies 
30 manual entitled. Piezoelectric Technology, Data for Designers, 1990. The walls ofthe capillary 
16 are quite thin, so that they can move with the expansion and contraction ofthe piezoelectric 
transducer 56. As shown in Figure 5, the capillary 16 narrows to a narrow orifice 60 with a flat 
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bottom 62. The roimded intemal bdtlomof tbe^capillaiy 64 provides for a rapid reduction in 

* dkmeter-from the inner diameter of the capillafy 1'6 to the diameter of the orifice 60. This can be 
/ achieved by heating the Capillary and allowing'the glaiss or quartz to collapse to form the orifice. 

- Leads 68 are pit>\ided for pr<)vidih^ electric 
5 Cement 70 i^ Ihtrbduced between'^the traiisducer 56 arid the capillary 16, so as to maintain tight 

• linkage betweeti'the^-ti'arisducer'56 and the 'capillary ^16.^ In Figure 4, we see the piezoelectric 
transducer 56 surrounding and sealed to the capillary 16 by ai cement 70. 

rir *; ^.i-TtedilftfinsiohsbPthec^^^^ important to the successful 

opefafii>n^'i&f thS'su^^ Thie orifice region has a fairly constant outer 

10 -diahieteii^wKi^h is a6hifeS^ by^ heating -a' fcapilla^^^ so that the glass softens and fills the inner 
' portion of fli6\:ap*H^ry lo prbvid'eithe deisiried bi'ifice diameter. The orifice diameter will 
• v * generailly vary^ ih thie-rahge of abouti l O to 100 |i, d(epeiiding' upon the surface tension of the fluid 
J employed'; With lower surface tensions,' one can reduce the 'size of the orifice. Generally, for 
water, without additives for reduced" surface tension, the orifice will be in the range from about 
15 = 40 lb SO niicnins. ' With additlw^ is desirably in the 

"'raftge ofabtitiMOtb^Omierorisin^ffi ^ 0^ ^ ^ ^ ^ ' 

::f . - vir.T)^^ t^lary :»ehgt^^ usually about 2 to 3.5 

cm. The orifice^ej^ibli ^endirife'Tfom^e^piezcNsl^ will generally be about 5 to 

* 1 5%'8hKfe4^ The transducer* 

20 wilt us6all5r^S^abfeut^2©'to^ about 25t6^35%of Uie-lerigth of the^^i^ 

capillafyi'^ty ^gibh'al)6\^'^^ fl^^ifecTucerwiH be at least 40% of the leiigth of the capill^ and 
may be up to 75%, usually not more than about 60%. At least 80%, itibre^ usually at least 90%, 
■and generally riotmore tMh%b6ut 99%*of the length df the capillary will be enclosed by the 
- housing 12. ^. ' • f - '^^ • 

25 The thickness of the-walls'of the capillary will generally be between about .10 to .40 mm, 

preferably about .25^ ttiml while the capillary ihner diameter will be at least about . 1 0 mm and not 
more than about .50 mmyusiially not more-than about .40 mm, preferably about .25 mm. It is 
found that the liquid capacity of the capillary corning within these dimensions provides for 
10,000 br more spots, before requiring clewing and refilling, where the volume of the capillary 
30 will typically range fix)ni about 1 to 10 |il. 

In fabricating the fluid jetting dispenser, the preformed capillary is passed through the 
^ piezoelectric transducer which has a small amount of a cement on its inner surface. The tolerance 
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betwieen the outer surface-of the capillai^' and the inner surface of the transducer should be very 
small, preferably less than about 1 mm: Thie cement dries and provides for a strong bond 
between the inner wall of the transducer arid the outer wall of the capillary, so that the transducer 
and wall move in unison. The capillary may now be introduced through the threaded casing until 
5 the capillary extends the length of the csisirigr' THle fend of the capillary may extend beyond the 
length of the casing and be cut and polished to provide a srnobth'stirlface; ^Alternatively, the 
capillary may be precut and polisheld- and Wefully fitted i'ntoHhbxasirig so as t^ terminate at the 
surface of the casing. The particular manner in which the tai>illary and casing ard joined and 
fitted wi II be primarily a rnatter of production. ■ The wires' for the tiansciuceV may then be passed 

10 through the notch and bore and may be' accessed tliniugli' an opening in the' housing: ' ' ' ' 
Alternatively, the Wires may be soldered to cDimectdrs bh the causing at the bore site; so that when 
threaded into the housing, the connectors will make c6hnectidh to connectors in the housing for 
access to the electrical activator and regulator.' ^ •* - ^ - ^ 

The capillary and casing may then be threaded into the^ housing, so that the c^^ 

15 eixtends beyond the opening of the housing; and is firirily pdsitioried: During the cleianing 

operation, the cover is then threaded into the housing, fimily 'locking the capillary Shd holder into 
position, so as to provide r stable structure:?'^ The cSiner-'may^have the^conduits^ntegra^ a part 
of the coven Alternatively, the cover may have a-fiehlra! opening 6ver which a^utility lid ma be 
plaeedi' whieh lid may also include a gasket whiell se^is thelid t&^the' dcyver? T would 

20 have' the^necessary' tonduits' and could be moved frt«h*a^^ it is engaged With thd 

housing to a position where it is disengaged/^ Alteniatively; the cover' ri^^^ large 
\ ' opening^ so that a plug comprising the various b6hduits,^m;ayfe into the opening of the 

cover. The plug may be part of a manifold of a plurality of plugs, which can be fitted into a 
plurality of openings, so that a plurality of capillaries may be simultarieoiisly processed, such as 

25 filling and cleaning at the same time. Capillaries may be Washed arid then stored for filling at a 
subsequent time or filled promptly after washing; Which expedient is employed will depend to 
some degree on the manner in which the device is employed. Where the device is at a fixed 
station,' fixed connection of the conduits to the device would be convenient^ However,- where the 
device is moved during operation firom a banked or reserve position to an active position or is 

30 moved for cleaning, it will be expedient to have the lid or plug engaged only during the cleaning 
operation. . r . 

If desired, a healing element may be provided in the device for warming the capillary and 
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reducing the viscosity of the fluid in the cagillar^jf j iITh? heating device may be wrapped.around 
the,housingv fitted into the capillary casings or iheJike. The particular manner in which heat may 
' ,be transferred to the capillaiy, is.not critical and various conventional design parameters may be 
.. ^ :employed,, . -r.^'. ■•'^n^-^.^^f•'' 

. -5 . . . Instead .of a^pie?peljsctric.jetidispejiser a bubble jet may be used which employs a heating 

elementtp.prodaqe,drpplejs.^ Se^^ Asai,~et^j,, Japanese Journal of Applied Physics (1987) 
.,\ . 26:179,4-rl801.. .TJe.byb^^^^ are ;about;30 ym and can .be arranged in clusters of at least 
64Jet^ tOjproyide cluste:^ pf 4 jJ,dots per,j:^ would have a length 

^ of abgut 500 to 60p \xm, iin innerdiara^er of abp.ut 60 jim and a pozzle about 46^m, with the 
10 heating-element plape^ajhp l ?p iinri fiiojjn . the nozzle. .The heating element has a plurality of 
. .layers, using, 0.5.^m,aluminym electrpdes^ wit^ of Si02 (SfJim and 1.9^m), HfB2 resistor 

y.y , (0.13 (in^X TajQs passiYation Jayer<L9^m)/Ta protection la^^ 
substrate. The length of the heater is about 150 (im;: '■ 

. , . In. FIG. 8, the bubble jet 200, has VTshaped resei;vpij: or sjample receptacle 202 for distal 
1 5 filling, much in;tjhe same mMner.as the piezoelectriq jetting device, where the volume pf the . 
. . w . teseryoir may.rang^ froni a^Quji.Q.2 ta:2.0fMJ,-and wilfu^^ to 5 ^il. The 

i j:q t . r^se|5y,oir3p2j^^co|^^ means 
. ,r ipf cond^jCtlv^jUn^ ^nd 21iQ tajejEejet^^tcoritacte.21j2 and 214, respectively. The heater 
T , J. . ;x:harqrel2Jp4 tern^n^^ waU 218 cai?:be re^dilyrfomjex^ 

20 1 cpityenientpiatpn^^ connections and heateFvP5sitipnpd.4n or on the 

. . V 'Wall 2 1^ and in^e, channel 2Q4»inracp<»c^ with known procedures. , ;Pubb}e jets are 
. cpjgnaepHaUyayajlableraiidjma^^^ 

. fortheire^ryoir202.r J- .^ou;:; ^ . V"?''' ' ^ v--- ^ -.^.i'^' 

Groupsof jets ^nay.be4)Qsi|^pned in s banks above or to the side of the dispensing 

25 position. t-By using groups of jets,, one^ean provide for a plurality of 3)ots being formed 

simultaneously-on the surfaqe. . In addition, either concurrently or consecutively, the groups may 
be placed injposition-so^as to dispeiise- droplets in an interrupted manner, providing spots at 
different positions in the array ..^The groups of jets may be positioned, so as to be displaced in 
relation to the surface, so that droplets will be dispensed to fomi spots in difTerent patterns 

30 defining only a portion .of the final array, where the different patterns will add up^to all of the 
positions of the array. The groups may be moved in imison, as a single entity, so that a robotic 
arm moves a plurality of jets into position simultaneously. Depending on the movement of the 
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jets and/or surface, the jets may be positioned at an iangle to the surface to prevent elongation of 
the spot. The rate of relative movement and the speed of the droplet will detenhihe th^ angle 
which is employed. For example, With a droplet speed of 3 m/sk 'and a speed 6f the' surface 
relative to the jet of 1 m/sec, the ^ngle will'be aboat 20^ The distance of the jet from the surface 
5 may be varied, generally beihjg at least abduf D/l mm a^^ mm/usually'not 
"more than about 0.2 mmr ■ ; U/i u v: . ri. ) : o:>koc o. 5 i X 

To prepare the arrays,' varioik systems may ^^^^ 
jetting device move in relation to each other. -Two piofenfiarsj^^^^^ W shown in FigWes 6 and 
7. The first system provides for movement of the jetting devices in the x-y in a plane 

10 parallel to a fixed substrate: The device 100 is an- x-y ikiisitio^^^^^^ with y-eeams402'=and -t^^^ 
movement of the jetting devices in the y direction, M^re x-bea^^^ supported By y-beams 
102 and 104, with x-beam providiiig movenrient of the'fluid jetting devices in the x-direction. 
Resolution of the device is in the range of I - 10 microns: 'Movement of x-beam 106 in the y- 
directiori with concomitant movement of die jetting device in the y^direction is coiitroUed by a y- 

1 5 raster motion servomechanismi not shown, while moveinerit of the jetting device in tlVe x- 

direction is controlled by an x-rastef motion servbm^Gh^ism,^nbt shbWhi. 7^ jetting device 1 08 is 
shovvn positioned on x-beam 1067 the rarige of moveinerit^vi^ll Vafy^^ ^ 
: substrate, the system usually providing fbivan^exteMxtf to and 
usually atleatst^abdut 10 cm: A substrate I'lOis jSrovided-uporf^ 

20 droplets to provide tlib array 1 12 showi in the left-harid cbi^^^ 

of reserve jetting devices are supported by holders 1 16Wd Held iii reserve. Xdditibrially- a 
' plurality of jetting devices are) supported by holders 11 8,^whefe"the jetting devices aft obscured 
by lids 120'having conduits: 122 for delivery of varibils^comporieiits to the jetting ^e^^^^ and for 
cleaning. These lids may be connected into a manifold; Was to be capalile of being moved 

25 simultaneously. In the operation of the x-y servom^chanism, x-beam 106 can move to the bank 
of jetting devices retained in reserve, the operative jetting device 108 returned to the reserve 
bank, and a different jetting device mounted on x-beam 106. During operation, each jetting 
device in turn may provide for a plurality of spots of the same reagent at different sites on the 
substrate, so that each portion of the substrate h^s the same reagent at comparable places at each 

30 array.' As shown in Figure 6, substrate 1 1 0 is delineated into a number of boxes, where eafch box 
can have spots defining an array which is identical to*every other box. J • * 

For x-y positioning, high speed (30 in/sec) poisitioners, covering 12-30 in in each 
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. . dimension are available commercially (e.g. Asyipt^k, Carlsbad, CA).. Repeatability isJess than 
2,5^.-, Custoni positioners can be fabricated, on a large-scale using optically encoded feedback for 
positioning below 10 For cxample,.a subsystem at 30 in on a side would allow over 1200 
. , arrays to be fabricated atone time. (This, is calculated by allocating 1.5. cm on edge for 1 x 1 cm 
5 active array.) Rather than stopping at each position to-be^spotted, it is.possible to synchronize the 
jetting pulse to the position to be jetted. The controller for the subsystem^ on receiving the spot- 
location infonnation fromc^^ master, would coirect the timing of the jet pulse to account for the 
slight: delay of actual amyd time of th^ pntOfthe surface.(about 60|isec for.a 1 SOp gap). 
^ . Jn Figure 7r a. comparable deface 
^ 10 fixed substrate and a inoveable jetting device, ^^^o^^ has a moveable substrate and a fixed jetting 
.device; in relation to the substrate. In addition, the substrate moves in a circular direction, where 
, . there may„ be one or more concentricrings comprising individual arrays. The rotating substrate 

device 150 has a rotational platform 152 with substrate rings 154 and 156 which move , 
, concentrically.. Each of the rings has a plurality of array sites 1 58, where the appearance of an 
1 5 array, site is 4iagrammatically shown, at J 60. The deyice has a 1 inear servomechani sm 1 62 on ^ 
■J , ! which i^e^pulse jetting deyi<^. 16^ h<9Jdpr466 mpyes, >A reserve bank of pulse jetting devices 

168 are, ay^lable displaced;;^ may be-moved into position over the 

. .reserve jetting .deyicesi jl 7?*^^^ as appropriate; and cany out such 

other .steps of ♦Jie.pijqcess^as; inecp^^ lids J 74 are shown above; the jettingrdevices, | 
20 t ir4icatiye thayheijetti^n^^^^ processing. Jlie capillary^may be rinsed 

and/oii,washed one ormore times andidqed, either air dried or by passing air through the.capillary 
; : by nieans of a yacuum;pr*elevated.pressu^^ 178 to 

, be able to mpye intO; position over a pulse jetting device 1 72 to introduce samples into the device 
through opening 1 80.. ^The jetting-deyice .will usually be in close proximity to the substrate when 
25 firing, usually in the range from about 0. 1 m^ ' . . . . 

- . . For theta-x positioning one high speed linear translation of the sample and a moderate 
sj)eed rotation of the substrate is involved. The rotation is represented by the platform 152. 
Linear translators are commercially available (see above), while the platform support, motor and 
^ control are customized, using equipment analogous to the control of the rotation of platters in 
30 hard disk memory used in computers. The rotational speed is limited in part by the exit velocity 
of the drop from the jet, typically 3 m/sec.-The surface speed of the platter should be only a 
fraction of the exit velocity, e.g. 1 ni/sec, so as to minimize elongation of the spherical drop on 
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contact; This caii be obviated-ih part'by'pointihg the orificef the direction of the platfom and 
■■ partly in the direction of rotation'.' ■.< .•; vi. i^L/r 

In Figure 9 a different system is used, where' groups of jetting devices are held together ir 
batteries and share a common elfectrical c6nneci6r. The system 250 has first and second rails, 
5 252 and 254, respectively. 'Rail 252 has anVridless belt driven by motor 256 through shaft 258. 
A plurality of batteries of jettirig devices 260 ^& mounted on the raifs 252 and 254, awaiting 
being moved into an active position for dispensing. Eiach bitteTy '2601i^ aicoiiribctor 262 with 
multiple leads, each lead connecting a jetting device 264i6'^' iiitside circuit fof controlling the 
firing of the jetting device 264: When the motor 25i6 actuates the (siidless' Belt,-thb' batteries 260 
10 are moved forward, with one battery 266'beirig moWd ihtO^^ acUvepdsitioW 

268. As discussed previously in conjuriction with'FIG; 7, a rotatibiial platfoim 270 has outer and 
inner substrate rings 272 and 274; respectiveiy^- Eaclf of the rmgs has a plurality bf array sites 
.276, which are indicated by the crossing lines. - When the* battery 266 is moved into active 
position above the surface 268; robot arm 278 mov6s the coMijlementary connector 280' into 
15 poisitiori to engage the battery connector 262; The is cbniiected by 

meanis of electrical conduit 282 to a circuit whicWiriay^ 

the jets or firiiig of the jets at different fimes-in accohiarice '^th-a'prfedeterihiriyprogram. Once 
the use of the battery 266 has been tfenftinated; rdbdi'^ 278'is actiiSteil to^aiscofihecf c()nnector 

■ . 280 fr6m battery cdnnector'262.i'nie motor 256 is'^actiBafed to'iridVeWe batteif '266 

20 active jposition^and bring a hew battery-260 frbift'^Jl^ stokge'po^ftidrfkS «heUcdvfe'p6ati^ ta^ 
replace battery. 266.' Battery 266 is theii movtsd aloKg '^he-hiils 252 and 2^4^ t^ coming to 

the terminal position 284 of the rails, where it may be deposited in' collection b6x 286. "From the 
collection box the battery-may be reused, disposed^bf, br-stored for subsequent u^. If the battery 
is to be reused, it may be manually retrieved oi- ^ m&hkiiisiri provided for moving' the liattery to a 

25 storage position, where the battery may be cleaned arid replenished, as previously described. 

In Figure 10, a storage subsystem 300 is shown' as' an array bf racks- individually 

.' addressed under computer/bar-code control. Each bin in the i^ck'contains an anay of storage 
well plates 302 (e.g. 96- or 384-well microtiter plates): Samples in the storage system may be 
- stored at an appropriate temperature for maintaining the integrity of the samples; A iriaster 

30 controller 304 controls the system. Under computer signal, one br more micro-titer arrays 302 
are conveyed from the storage area 300 to the transfer area 305. Any convenient transfer system 
may be employed to transfer the micro-titer array 302 to the next staition 306. At the station 306 



-14- 



WO.97/44134 - ' PCT/US97/08135 

..a rpb9tic.arm 308 is under the control of suj?syst^in .controller 309, which communicates with 
master controller 304. The robotic arm 308 using micro-pipette lips 3 10, transfers microliter 
quantities of liquid from the nfiicro-titer yvpll. array 302 to one or more appropriate jet to-be-filled 
. . - 312 located at.a maintenance and fill statipn3.14 upder the control of subsystem controller 315, 
. 5, which coi^mynicates with^master ppntroller 3.0;4^ rForTCusa^^^ the maintenance 

, . and .fill! .sjtation<has m^ipXefx^ce .cap3;3,l 6,^\vhichpr9yjde conduits for evacuation and pressure, as 

welLas.adding ;t^e cl^inj^solyents, as.preyiousjy descri.bed> ; . 
V •: triorA thejetting^deyi^e 3^12 pnta translation bar320. Using the 

- transjation barj32fta^d the holder318 for.cpupling the jetting device 3.12 to the translation bar 
,10, 320, tjK Jetting device 3p i^j;; n^OYoI to the.test station 322 under the control of subsystem ^ 
. , controller 323 yBj^ ipeansof a strol^ light 324 and mirror 326, where the strobe light is; 
, , , ,sy nchiionized to the voltage pulse* to Ae jetting :dev4ce, the image of the droplets 328 is r 

, tr?msniitted .tp video camera 330, which transn^^^ the signal to monitorf 332 for evaluation of the 
si^ and.firequency^of the, droplets 328. If , the jetting device 3 1 2 does not have the correct 
15 .characteristics^lhe jetting deyicell^^ is pjected and ^the information is forwarded to the master 
controller. 3 0440 'prRyJde^^ the same liquid medium; r: - 

:^.,,Jf^i)eietJMng <i^yj^^^ jte$t5t2itionyitfis:then moved* by; means of the;^ 

ntrMsl^!U9Ji;ba^^^^ pp§it|on>334,J[?eingt positioned over the; substrate 336 by means 

.^f'] ; of the-tran^§tipn bar^2Q^an4 Uie^fe^ldQii 3jl 8. Jlljeijqitting dispens^j. is nowf in. pdsition to: begin . 
20* jeJtiqg,dE|:}p^)Jp,f^e^ejtiie,;£^ ^strate3:3^6 js.moimted pa pjatfpmr33'7 which is moved 
, . by m9t(^r^^4P -^The3inptor 34Q;i of controller 342i whichytransmits to and 

receives, s^gnak^^^ i j : 8" r r ? * 

The co^pute%basqd systein controls and coordinates the operation of each of the 
^ . subsystems, in order to niaximizerthroughput, as measured by the niunber of micro-arrays 
25 produced per unit tinie having the^cofj^trdi^tribution of spots. Because the master computer 
only coordinates and does not directly control fiach subsystem, a microcomputer-based master 
would function satisfactorily.. In producing a large number (hundreds to thousands) of identical 
arrays, each having;100 x 100 spots containing potentially 10,000 different components, e.g. 
,cDN A clones. jThere is, however, an advantage to include 2-3x redundancy in favor of accuracy 
30 and reliability. Also, as to the number of individual samples which are spotted in the array. 
^ . . As illustrative of the.system, detection of one or more cDNA sequences will be 
exemplified. The master receives a list of^clones to be spotted. The list is converted to a list of 
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addresses which determines the riunibbr and sequence of micro-titer plats to' be witlidravvn from 
storage. The conveyer extracts each'pldte *iri succession and presents the plate to^tWe lodation for 
micropipette transfer. After thawing oir warming the sample, as nefeded, the micr6^ii>ette robotic 
transfers a small amount of sample' to ari^ available (cleaned or new) jetting device. The master 
: 5 queries the maintenance/fill station as to the'status^ahd iavailability of jeuing^devices; in" 
consequence, the master notifies the jet exchange/ti-ahslation subsystem' as 
^ been filled and are ready for jetting:' iG)n the way to th6-acti^^^^^^ subsystem; the translation is 
stopped at the Jetting test station for confirmation thatHKe^ev Adjacent 
to the active jetting subsystem;the jet is cbupled tb'ihe 'posiH^^^ 
10 device at about i a0-200ji ftdm the surfiace art W ajjprbpriate^ arijglei and elktncklly c6nn^^^^ 
jet to the subsystem controller. The master infimiis the ^ubsy^^ 

locations on each of the arrays to be formed ofi the substrate, the'subsysteitt coritrdl ler then 
determines the optimal jetting path. On completion of jetting; the used jeAiiig device is disposed 
of orretumed to the maintenance/fill station for cleahihgand refilling ^ ' ' '* 

15 r As already described, the active jetting may -take place in"^^ of scA^efal modes. The 

preferred modes are a) moving the jk in an x-y plane over a stationary substrafe;'^^^^^^^ 
. - disk substrate with the jet moving^ itfia sihglfe dimen^ibii; The'^ 
-^ jetting subsystem with the addresses for the IbfeatioWto'l^^^ ' 

To carry out the process, a n\imberdf sfepir^e-p^^ tHe c^pil j^%r 

20 pulse jetting. Where a capillary has been us^d pifevi^Myv cle^^^ Be^nete^ia^ to prevfem 
contamination. The pulse jetting device may have the capilliy dif^d ih?6 a cl^ solution 
and by means ofa vacuum, the cleaning solution drawtfup into' thee extending into the 

receptacle. After sufficient time, the cleaning solution may be blown out of the capillary. 
Various solutions may be used, depending upoit the hatui-e of the s;^plb. Vblatile polar organic 

25 solvents find particular use, although in sortie iiiktatnfibs^bne may u^ repeated rinses with 
different cleaning solutions, such as a detergent cohtaihing aqueous solution, mildly acidic or 
basic solutions, organic solvents, and the like. By'applying gas pressure to the capillary, the 
cleaning solution may be expelled and the cleaning process repeated. By having an elevated 
pressure gas line, one may use dry air, warmed air, or the like to ensure that the capillary is free 

.30 of any moisture or other liquid. Once the cleaning solution Has evaporatecl, the sample rhky be " 
added to the receptacle. Generally, the sample will have a volume of about 10 to 100 microliters. 
The droplet upon touching the upper surface of the capillary is drawn into the capillary by 
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capillary action, completely filling the, capillary y^fhile a small-portion of the droplet may remain 
. in^the^ receptacle. ..In some instanqes, where.liquid does not contact the capillary immediately, a 
smaHjRressurc pulse. ofjShprt duration may: conveniently be employed to achieve contact. The 
. . , pulse jetting deyic^ is/now ready for use ;ford,elivering- droplets. The jetting device may be used 
5 in a vertical position,, directing the droplets upwardly ondownwardly or directing the droplets in a 
^ ^ horizontal linQ at the 2ud i ..n,* . r : • - : . . - 

• • ; f^rmejdjna^ be achieved, which allow for 

, the pr^)4uption of large-nurn^re arrays, each spot array having a large number of 

-.''?^!X?^*"^ri?P^^^ suppose oneiwished to produce a set 

. .10, ,pf 4p,';(^hips;^^^ lOO.x^^ipp elementiarrays to be formed from 2500 differem ' 

7^?^P|^. ?^ -^^S^Pf S*?'!^f^^;(^-g\PNA.or.RNA fragments or oligonucleotides) at a redundancy of 
, 4. The distribution \yould be tQ different lines both horizontally and 

I " I y?'?^^?^!^ • f ^ ?^ 2cm X ^2cm. each containing a 1 cm x 1 cm array (spot-to-spot 

distance is 100 microns^ MThe. active jetting area is square,'40 'Cm.x 40 cm (i.e. 20 x 20 chips). 
15. The]e;ttmg p.verjthe active area is. achieved using an Y Cartesian motion (rastering) of the jet 
-^M*y^/^^^^?^ ^y5??^v^i9: ^iS.FK)ttpd -T^^^ .spee<i ftf the jet relative to the array.is 50 cm/sec. 
vf.^^MSff tP^l scan times would; increase 

about 10 -^i^ip^if /nc^^yd^c^^^ the fly,'- in the,sense that the jet devices are 

i I a ^ - lines^cjiip^x 20 chip;?.Afertically = lines (assumes redundant spots on 4 
differer^Hne^)- . . ,,,, : . • • i/. 

cm distance for horironUl Md^^ c , . . , ^ 

25 ... ,.r40,cm/linex80Jines<j5.3^^ . . 

^ . , , :40.cm^ine^x 2 lines (:1 up, and 1 down) = 80 cm, vertically. 

^ cm total scan distance: 3280 cm. , , o 

, ^ "iSpan time: 50;cm/sec x.328.0.cm = 164,000 sec, or almost 1 14 hrs. - 
, By u^ingalinear may 9f lOjets wit^ 
30 jeducjion in time to below 12 hrs^with a farther time reduction obtained by reduced jet-exchange 
time. During the scan, , one. can be firing .and filling jets in a continuous manner to provide the 
necessary diversity and array size in a reasonable time frame. 
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, . A jetting device was construetedv emplpying a capillaiy tube having a 45 mieron orifice at 
thejetting end, a 0.25 mm inner diameter andaO;75 mm oiiter diameter. A 'ceramic- tube (PZT- 
5a) was attached near the orifice end by, epoxy. adhesive. The capillary tube was supported by a 
brass threaded rod and held, in place with epoxy adhesive. The main housing (brass) was- 
5 threaded over the free end of the capillary allowing the end of the capillary to protrude through a 
small hole. A small groove in the threaded rod, in conjunction with-a snfall notched collar 
provided a port for the transducer wires. A threaded tube (brass) was threaded onto the threaded 
rod to hold the.notched collar in place.. A threadedmyloniadaptof ;havjng a conically shaped hole 
was threaded into the "feed" end of the assembly;. L,x "ya jif.sb j.,; ] ■.!/!!.,- ;. 
10 The non-wetting conically shaped internal structure of the nylon adapter w^s 'designed for 

. conyenient loading of sample. As small quantities!(10-50|iL)iof aqueous solutions are ' 
transferredby micropipet, a combination of gravity and/or otherforcesdirects the'small droplet 
to the bpttoin. of the cone opening, adjacent to the capillary .tube. .iThe hole diameter of the nylon 
adapter is the same as the outer diameter of the capillajy, tubing (approximately 0.25 mm).; As 
15 the glass at the end of the capillary is.wetted,^the entire capillay fills rapidly -with ifluid by mfeans 
- , of^capjUary action, including the Region of the or3fice.,iNo. fiirther primingJs-neqsssary.for 
. . producing dropl^ets,- . ., ; . ...-w i; mm&u>-^-^ Hum c^iUqi:: yrfJawiA .ilq.m-? 
..„■ .^The driyerjvpltage will generally be.,in the range of about O.te3,0QV;!witb'Apiilse duration 
■" 5!^P_'?'ng?M.a'?PWt .5rtOi l ^Pfisec, The xepetitipnjratevwlltlje iiiithe range of up^ 
20 1 0,000/seC; , Fluids jhatican be accommodateMthp«textejrnal heat,wilfehave wiscosities in the ^ 

.range of about 0,1. tQ -l OOpmPas, while with a heater;ilhef3vijscpsity.dmbe 20iQ00mPas.or greatCT^ 
; . A typical voltage piilse with an aqueous meidium: is. bipolar, 80 microsecoAis long; of 

equal dutation,of about. 100 V, with rise and fall times^pfabput 10 micrpsecpnds'. The pulse 
. shape and amplitude is cpntrolled by computer, aid can be; varied in order to fomi well-shaped 
25 microdrops with minimal satellite droplet formatipitJ xjif, : . <i-, ; ;ii. 5 _ : ; , 

The piezoelectric jetting device can be fired repeatedly iat several, hundred or thousand 
pulses/sec, 10,0,00 Hz or more, so Ipng as there; is liquid in.the capillary abpve the transducer. 
Similarly, the bubblejet can fire at greaterthan IQ00,pulses/sec.,, j :> .: , 

Using the piezoelectric jetting device described aboye, fluids that.were tested in the pulse 
30 jetting device and found to jet satisfactorily included,\yater, and buffered DN A solutions (1-100 
^g/mL). The DNA solutions were jetted onto standard glass microscope slides coated with 
polylysine, which enhances DNA binding to the surface, forming 10x10 arrays or larger of 
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R^IA^^pots having 80 - 1 00 .rnicron^sgaciitg ijeUveen centers with spacing of about 20 microns 
. . b^lween-edges. The DNA was labeled with'lluocesceih, thus allowing the DNA arrayed slides to 
; be^vjsualized using a. fluorescent scanner (1 5 mrcroh^resolution). In addition to nucleic acid 
solutions, protciin so^lutions^ subceliulaf.entilie^ and ceUs/rnolecuiar aggregations^ and the like, 
. 5 may alsQ>be lenipjoyejd.. Thefmedia jnay be^oi'ganicibri inorganic, or combinations thereof, such as 
.aqu/^^p^ls,^^lediaj ralcohola^ ethers, saHne s6Iutions,r-polar organic solvents, oils, mercury, and the 

> ; /[A computervprogram may bejirovided^bich co 

devices. Various programs may be readity dwised^hich provide for the cleaninjg and filling of 
; 10 r tj^e jettijig devices, the movementof the devices hi relation to* the substrate and the firing of the 
devices- to prtvidej the desired arraysL I ^Rie particular control mechanism is not critical and will be 
devised:in'accordanee..with.the.needsiofth& system. The sophistication of the system will depend 
.-[.iruponthenumbenof jetting devicesto be employed* the complexity of the array pattem,'the 
: / number of different samples and r^gfents, and the like/- ' 

;rl 5r vH r ulThe subject pulse jettirig^devices ate particularly^converiient in providing for sample 

dispensing:intaia. receptacle above th^capillary. 'Thus; the capillary need not be introduced into a 
sample, where the capillary could contaminate the sample or become clogged in the event that 

i.v jjthere'is paAiculMcJfaatCer ifltHe sampte; Therefore, fey dispensing samijle from above at the top 
oftthe;capi4af^ ra|her ^tiamsippirtgi d^filiore Vefsatile device less likely to^Sfsiift iii breakdown is 

20 i:obtained;>'rhesub^tdevicfesam4«adify^ 

?^r. iprodue^ia tb'prpvideipiilse jetting^tcumtbly^^ caipillaries cari be foimed with a variety of - 
sized i3rifices>so a&to cbntibl;thie;site'6f tlfe sp^ is formed. TKe orifice c^ respond to the 
.nature of the sample,. varying the si5«' with the viscosity and surface tension of the sample 
solution, tin addition, large numbeVs bfth© pulse jetting devices can be reproduced, so as to give 
25 accurate, repetitive dispensing of dropletS^ ^-'^^- ' ; ... ; - 

• f'>' ;> Alt publications and p£^Rt:applicati6ns mentioned in this specification are herein 
-incorporated by reference Jo the same extenl?as if each individual publication or patent " • 
application was specifically and individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
30 art that many changes and modifications can be made thereto without departing from the spirit or 
scope, of the appended claims. 
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.. WHAT'IS CLAIMED IS ^- -'- : ; "'■-^ ^ ^ 'r^ • 

I . A pulse jetting device providing droplets capable of providing arrays of spols *of less than 
500fi from center to center mXh substaiiiiially ho'boritamination of one spot wi another, said 
device tomprising: 

5 " a housing comprising a first constricted "dpfehihg at one eiid and a second opening at the 
otherend^ - ' ■ • ■ . ■ . ■ -'l : 7 -rq; > ..r. ;::v . - i^OO !. I. , ^ : ^ 

a thin walled capillary comprising a-dispensihg'^onfic^ of 
about 10 to lOOp and a volume capacity in the range of about 1 to 10 nl and extencliilg a portion 
of the length of said housing with said dispensing 'orifice'tfxten<lihg'^ opening; 
10 ' proximal to said dispensing orifice, a piezoelecf^^ 

said capillary and affixed to said capillary, wherein the walls of said c^pi'llaiy m^ 
rnovement of said transducer; - ' - ^ j r.r^^ n„ r„ . - , - t ; 

proximal to said second end and extendiiig at least ^bbiit 40% of the length of said 
capillary a capillary casing affixed to said capillary, with said casing filling the space between 
15 said capillary and the inner wall of said housing;^ o-:^ hfy.. a. r.- r,^,,[^ .c, f 

. ; . in liquid transfer relationship with said secorid^erid ahd eXtendiiig intb^ said housing, a 
^ sample receptacle, wherein the compoisit^ort of s^id'^ece^^ that 
upon contact of said sample with said capitlaryt-^^ 

action; and • 't; 'vl :v:j \ c ^'hq^o b:;;.^ siqrn.:,;- -li^!:;'.^ bicj: .v-t^ikritr: 

20 means for connecting said^pi^oelectric tr^sSu&^^^ 

2.i A pulsejetling device accordinglo ClaiM-lpw 0.10 
to 0.40 nun in thickness. \ ^ "'^ '^'^ =• - " • ^ . ;u 

3. A pulse jetlihg device according to Claim i;=wHerdn said s^ 
ranging fi-om about 5 to 50 - ' 

25 4. A pulse jetting device according to Claim 1 ,^whiefeih said'capillary is liydrophilic and said 
receptacle is hydrophobic. , i r. or > ' . 

5. . ^ A pulse jetting device according to Claim 4; whiereih said capillary is glass and said 
receptacle is nylon. ^ i c . - ' . • : s 

6. A pulse jetting device according to Claini 1 , wherein said device further comprises a lid 
30 having a plurality of conduits, each conduit being valved; and - : 

means for hermetically sealing said lid to said receptacle. 

7. A pulse jetting device providing droplets capable of providing arrays of spots of less than 
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500^ from center to center with substantially no contamination of one spot with another, said 
jdeyiqe,poniprising: , .j,., ' . n ; . i . • 

J .a housing comprising a first constricted.ppening at one end and a second of)ening at the 
other end; 

5, . ..a thin.walled.plass capillaryxomprising a digjensing orifice having a diameter in the 
range of about 10 to 100^ and a volume capacity in the range of about 1 to 10 nl and extending a 
portion of t^^ k^ housing with^said disjjensing orifice extending through said first 

. .. .proximal ^to^^d di^peming.orijfic«,^ concentrically on 

10 ^s^id,9^fy.U^^ the walls of said capillary move with the 

rmqvenj^OTVof said.tra^ ^ , .t. :.. , , . . , . . . , . . . ^ : ^ 

proximal to said second end and extending at least about 40% of the length of said 
capillary a capijlaiy casing affixed to said capillary and threaded into said housing, with said 
. V ?,^ing fil]Uig,the space between said -capi|lary and the inner wall of said housing, the top of said 
1 5 casing being flush with said second end and being below the top of said housing; - : 

, „ in liquid tr^fcrre^ and extending into said housing, a 

; ; V ?^^^B!9i]^^P^S%^^^H^?A^f!J casing in said housing,, wherein the 

,cpn^po?itijMi.pf ^2^^^^ contact of a polar:sample with said 

capillary, said polar sample fills said capillary by capillary action; and ci . ; ir: : 

20 ^^^,%fW:CGipn^ctig^^ 

? :} r I :A'P"^?ij^tting.4eyice.aq^^^^ 7, wherein said dispensing orifice has a ' - 

diameter in the range of 1 0 to 80 p. , - ; f > i . 

9. . . A pulse jetting deyice. accpic^ling to Claim 7, wherein said capillary has .walls of from 0.10 
to 0.40 mm in thickness. ' ' ... 

^ 25 10. .:.A.pulse jetting device acrordting to Claim 7, wherein said sample receptacle has volume 
ranging from about 5 to 50 nl. - . . - , 

U, A pulsq jetting.device according to Claim 7, wherein said device furthercomprises a lid 
having a plurality of conduits, each conduit being valved, and : 
. , means for henneticaUy sealing said lid to said receptacle. 
30 12. A pulse jetting device according to Claim 7, wherein the length of said capillary is in the 
rangeof 1.5 to4cm. , . , 

13. A spot array forming system comprising: 
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aplurality of pulse jetting devices according lo' Claim 1;^ ^ ' 
means for moving at least one pulse jetting device simultaneously from a reserve position 
to an active position for dispensing droplets; ' • ^ - - . ^ *j- . 

a substrate holding device for holding a substrate in position to receive said droplets; 
5 means for accurately moving said at least one pulse jetting device and said substrate 

holding device in relation to each other for precisely positioningi spots on said substrate in a spot 
array. ' ' ■ ^tv -T: o: r;: if'^^/iJi; ^-r-: 

14.. A spot array forming system according to Claim 13 whereih: adjacent spots -are less than 
500^ from center to center and at least 15 n from border to borden , p , 

10 15. A spot array forming system according to Claim 13j wherein said means foriaccurately 
moving comprises an x-y raster servomechanismr^^^- ^ ^ : r ; ^ ' 

1 6- A spot array forming system according to Claim 1 3, wherein said means for accurately 
moving-is a linear servomechanism and said substrate holding device comprises a rotating 
platform for supporting said substrate. . : r . / a ^ : 

15 1 7 i A spot array forming sy stemr according. td Claim 13; wherein said array comprises 
adjacent spots with a center-to-center separation^oTmotTOore than 10G|r. f li. . 
18. : r A spot array forming system according4o£laifn:13, whereirijaiplurality of jett^^ devices 
are held together to move as a group. { r a 

.19. ' > A spot 'array forming systemxorhprising;V05 OS «:::;J^ ■ "-/^ {; a u.>ric ; ' 

20 a plurality of pulse jetting devices according to Claim 7;;- o:;: ^ ? : r ^ b^:. - i 

;^ means for moving at least one pulse jettingfdevice simultaneously from^^ 
to an active position for dispensing droplets; ■ .r<> ; ji-t ^ ; ; ^ 

a substrate holding device for holding a substrate in position to receive said droplets; 
means for accurately moving said at least onfrpulse^ jetting device and said substrate 

25 holding device in relation to each other for precisely positioning spots on said substrate in a spot 
array. ' • j-^ * . ^ .. ^i^ - 

20. • A pulse jetting device providing droplets capable of providing arrays of spots of less than 
500^ from center to center with substantially no contamination of one spot with another, said 
device comprising: ^ . : i ^ . . 

30 a housing comprising a first constricted opening at one end and a second opening at the 

other end, said housing comprising: 

a heater chaimel comprising a nozzle extending through said first opening; 
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proximal to said nozzle in said heaterchanji^K .a heating element; 
, . -3 :in liquid transfer relationship with.said sefcond-end and extending into said housing, a 
sample receptacle, wherein the composition of said sample receptacle and heater channel are 
selected so that upon contact.of said sample Avith Said heater channel, said sample fills said heater 
5 :channel byxapillary actipn;'and^.j. - -^t:* v, ".i : v. • f 
V • < . means for; connecting. SiJiid heating- element*^ 

21. A pulse jetting device according to Claim 20, wherein said sample receptacle has a 
:.: ; volume ranging front abouliQ.2 fd 20; pil J c? M / . ' . 

22. A pulse jetting device according to Claim 20* wherein said heater channel is hydrophilic 
10 and said reservoiriis hydrophobic; v ,il Jo* ^ r . - , > r 

23. A spot array forming system comprising: . ' f : 

/i . ^ a plurality of pulse jetting'deYices^acco^ding to Claim 20; ^ ■ 

means forinoving at least one pulsejetting device simultaneously from a reserve position 
to an active position for dispensing droplets; * r ; 

15 ' '. i , 0 substrate holding dfevic^ for. hblding a Substrate in position to receive said droplets; 

means for accaifately^movrngsaid at least one pulse jetting device and said substrate 
^ . holdiiig device in -telatidn-to^each-attra on said substrate in!a spot 

array. =■ ""^Vf c • ,rn ri i-,.-}", ;l • b ■ 

24. A spot array forming system according to Claim 23, wherein a plurality iof jetting devices 
20 are held together as a group.C rnra! ) o) ,2^-^'^ • " ^ ^ * i - 4 :o v 'V. -r-io !. 

: ' 25; ' j' A system for pradudngi anaysjof iitiicrosized spots using microsizedi droplets from jetting 
dispensers, said system comprising: ; . *7 / ^ r/iit: . 

' < a storage station; a maintenance and^filj station^ a test station and a jetting station; 

said storage staltion ccwhprisin^TOeans for storing large numbers of different identified 
25: samples in individual cdntiuners;.' : : 

recording means for recording the identity of the sample in each container; 
. ' . means for relocatihg:said sample containers in accordance with the compositions of said 
droplets to be dispensed from said storage station to said maintenance and filling station; 

said maintenance and filling station comprising a plurality of jetting devices, holders for 
30 each of said jetting devices; a moving means for moving said jetting devices in said holders to 
said test station, and means for filling said jetting devices with identified samples; 

said test station comprising means for monitoring the frequency and stability of droplets 
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dispensed from said jetting devicesr * ' -^ '-^ * ; ' 

means for transporting said jettirig device from said test station to said jetting station and 
positioning said jetting station; : . ^ 

means for moving at least one of said jetting device or a substrate in relation to one 
5 another; and . - * . riL. ...f, j , . ; ' - 

means connected to each of said stations for inonitbring tHeTillm^V moving and jetting of 
said jetting devices. ^- . . 1 n ^i^::-; ^:ijr^!^:;,.,r:; t 

26. . A system according to Claim 25, wherein said jetting devices comprise capillaries which 
are filled from the top by capillary action;^ ^ ' ^ i = t,:; niMv^r^/^ : ^ 

1 0 27. A system according to Claim 2S; wherein-said moving nieans comprise a circular 
platform for supporting said substrate and a motor for cohtrolling'the it)totibh of said platfo 

28. A system according to Claim 25, wherein said moving means comprises ' 
servomechanisms for moving said jetting devices ih^ari x-y direction relative to said substrate. 

29. A system according to Claim 25, wherein a plurdity of jettirig^^d^^^^ 

15 move as a group relative to said substrate. J ^ > ■ ^ 

30. A system according to Claim 25, wherein said jetting devices are jetting devices 
according to Claim 1 . 

31. A system according to Claim 25, wherein said jetting devices are jetting devices 
according to Claim 20. 

20 32. A method for producing arrays of spots with adjacent spots having center to center 

separations of not more than 500^, using a system according to one of Claim 1 1 or Claim 23, 

said method comprising: 

(1 ) at least once by means of reduced and elevated pressure, filling said capillary and 

expelling from said capillary a cleaning solution; 
25 (2) adding a sample to said hydrophobic receptacle, whereby said sample rapidly fills 

said capillary by capillary action; 

(3) moving at least one said pulse jetting device fi-om a reserve position to an active 
position in relation to a substrate upon which arrays are to be formed; 

(4) moving said at least one pulse jetting device and said substrate in relation to each 
30 other while activating said at least one pulse jetting device to dispense droplets at least one 

predetermined position on said substrate; and 

(5) returning said pulse jetting device to said reserve position; 
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repeating steps (1) to (5) until at least one of said array is formed., . 
33... . , -The method according tq Claim-32j wherein said sample comprises mixed solvents. 
34. The method according to Claim 33, wherein said sample is an aqueous nucleic acid 
.buffered solution.., ; > •... . • ; r.\ c - ' . ■ . 

5 35. The method according to Claim 33, wherein said aqueous buffered nucleic solution 
further comprises a sqlNjent^sel^^^^ 

dimethylformamide, trimethylphosphate and lowier alkanols. 
^ 36, - . [j jn aniethqd^of screOT 

with a second sample, the improvement comprising;, . , • . » _ , . r, , » 

10 . . .contacti]>g^m^l.fi^^ sample using a device comprising the jetting 

device accprding.lo.Claini,l{Qr.^ . . ; . . . 

37. The method according^ to Claim 36; >vherein said first sample is sample.is present as an 
, juray of spots produced accprding.to the metho i , . 

38. ^ The method jaccording to Claim 36, wherein said first sample is present as continuous : 
15 layer on a substrate. ^ ^ . v . - ^ ' 

^\ :.'l:y:* ^Vi:n>: '^'iV-.':-i '^''itb - ** 

jiO "ic i = r.M^;; > :r h . -7? i^-.'*'^ 'Or -."'C'.rr ■ • 

■uj , ' . l'- r ' ; . * ' . 
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